W e describe our experience with vascularised bone grafting for the treatment of fibrous dysplasia of the upper limb in eight patients, five men and three women, aged between 17 and 36 years. The site was in the humerus in six and the radius in two. Persistent pain, progression of the lesion and pathological fracture with delayed union were the indications for surgical intervention.
Fibrous dysplasia is a relatively common, benign skeletal disorder of adolescents and young adults in which the normal medullary canal is replaced and weakened by fibrous tissue. 1 A single bone may be involved, either wholly or partially, or several may be affected. Management is designed to prevent pain, limit deformity and treat pathological fractures.
Fractures in bones affected with fibrous dysplasia often do not require operations since they generally heal without difficulty. 2 Callus formed at the affected site, however, is dysplastic 3 and patients are thus prone to repeated fractures and deformity (Fig. 1a) . This can be prevented by prolonged immobilisation in a cast but may lead to other problems such as stiffness of the joint and muscle atrophy. Progressive deformity, failure of union and persistent pain are considered to be indications for surgery. 4 Surgical treatment is challenging. Curettage and cancellous bone grafting have been used to replace the dysplastic fibroosseous tissue with normal bone, but this is associated with a high rate of recurrence. 5 Internal splintage with metal implants has been used to prevent deformity but they are prone to fatigue failure. The use of cortical autografts and allografts [6] [7] [8] has likewise been employed.
In many clinical situations vascularised bone grafts which promote early remodelling and hypertrophy have been used to bridge large skeletal defects. 9 Their benefit in fibrous dysplasia has been described anecdotally 10 and there have been no reports specifically detailing their use in fibrous dysplasia of the upper limb. We describe eight patients with fibrous dysplasia of the upper limb in whom surgical intervention was necessary because of progressive disease and persistent pain, and to prevent deformity. In each we used a vascularised fibular graft to bridge the bone defect after aggressive curettage of the lesion.
Patients and Methods
There were five men and three women aged between 17 and 36 years ( Table I ). The humerus was affected in six and the radius in two. Persistent pain was associated with delayed healing of a fracture in five, with recurrence after initial primary treatment by curettage and grafting in two and with formation of a secondary aneurysmal bone cyst in one. Operative technique. We used an extensile approach to expose the affected segment of bone and performed aggressive curettage using a motorised burr. Curettage was considered to be complete when the medullary cavity was completely clear of dysplastic bone and only a thin shell of cortex remained (Fig. 1b) . The length of the affected bone ranged from 11 to 20 cm. In each case, an appropriate length of fibula, removed with the peroneal vessels, was used to bridge the defect. The technique of taking a vascularised fibular graft has been well described. 11, 12 With the patient supine an incision is made over the lateral aspect of the fibula. The muscles of the peroneal and anterior compartment are reflected off the length of the fibula. Distally, the peroneal vessels are exposed after incising and then transecting the interosseous membrane proximal to the tibiofibular syndesmosis. A distal osteotomy of the fibula facilitates its mobilisation along with the peroneal vessels in a proximal direction. The peroneal vessels are dissected proximally to provide a pedicle 5 to 6 cm long and a fibular bone segment is resected which is usually 1 to 2 cm longer than the intended defect of the bone. The additional length of graft is telescoped into the host bone for extra stabilisation, and is secured using either screws or wire loops. To ensure a reliable junction, end-to-side vascular anastomoses of the graft artery are made to the brachial artery in lesions of the humerus and to the radial artery in those of the radius or ulna. Since the vessels are healthy, mobilisation and anastomosis are easily accomplished without the use of interpositional vein grafts or other techniques. The cephalic vein is used for venous anastomosis to the venae comitantes of the peroneal artery. In all patients there was excellent flow and active bleeding from the ends of the fibular graft and surface after completion of the vascular suturing. We did not encounter any difficulties in achieving an anastomosis and undertook no specialised investigations to assess vascular patency or the viability of the graft after surgery. Movement of the upper limb was encouraged as soon as postoperative pain allowed. This was strictly supervised on an outpatient basis. Particular emphasis was placed on movements of the shoulder and function of the hand. Follow-up. The mean follow-up was 5.6 years (4 to 9). Clinical evaluation of the function of the hand and upper limb was carried out jointly by experienced physiotherapists and occupational therapists using a score which integrated elements of pain, stability, deformity and overall functional ability. 13 Radiography was used to monitor union of the grafts, bone hypertrophy and recurrence. 
Results
Function was assessed three months after the operation. In three patients it was excellent and in the remaining five good (Table I ). All patients regained a complete range of movement of the shoulder and forearm within six weeks. Early radiological union of the graft occurred at periods ranging from 8 to 14 weeks (Fig. 1c) . Inductive formation and consolidation of bone around the vascularised graft were prominent features in all patients (Fig. 1d) , and there was some hypertrophy of the graft and remodelling. The mean period for reconstruction of the diameter of the original bone was 14 months (12 to 18) predominantly by inductive formation of bone. There were no recurrences and none of the grafts sustained fractures or failed to unite.
Discussion
Fibrous dysplasia is a benign, pathological condition characterised histologically by poorly orientated osseous trabeculae, weakened by replacement with fibrous tissue. Not all the lesions require surgical intervention, and most of those in the upper limb are amenable to non-surgical management.
14 In our patients clinical and radiological progression despite previous treatment, and anxiety about immobilisation of the upper limb prompted us to use a vascularised bone graft. Surgical intervention ideally should ensure that there is adequate clearance, predictable restoration of bony continuity, maintenance of the function of the limb and a low incidence of recurrence. Persistence of pain, progression of the lesion and failure of union are established indications for surgical intervention. 4 Although small focal sites may be treated successfully using cancellous bone grafts after curettage, local recurrence remains a problem. Conventional cancellous bone grafts are dependent on the local healing response for their remodelling. This process of 'creeping substitution' 15 involves resorption of the bone graft and newly-formed host bone. In fibrous dysplasia, cancellous bone grafts undergo resorption and replacement with the same type of poorly-formed woven bone, reminiscent of the underlying pathological process and it is not surprising therefore that curettage and grafting of cancellous bone do not prevent recurrence of the lesion and may lead to fracture and deformity. Even aggressive extraperiosteal resection 16 may not eliminate these problems. Unlike conventional cancellous bone grafts, vascular grafts are unaffected by the dysplastic process.
Remodelling of the graft, incorporation and hypertrophy are independent of the local dysplastic tissue and depend on the immediate restoration of the vascular supply after anastomosis. 17 We therefore deliberately preserved an osteoperiosteal tube after curettage within which the vascularised bone graft was placed. The osteoinductive influence of the vascularised fibula within this tube was a notable feature in all our patients, and accounted for most of the bony reconstitution, rather than true hypertrophy of the fibula. It may be argued that an osteoperiosteal tube filled with cancellous grafts may yield similar results, provided that stability is maintained. Vascularised fibular grafting, however, has distinct advantages providing immediate secure splintage and sufficient stability to allow early movement. In our series, healing was rapid and solid bony continuity was established, bypassing the local dysplastic process completely, thus providing immediate and reliable structural support without the need for external stabilisation or immobilisation. Minimal internal fixation was required to secure the ends of the graft. Early mobilisation allowed early restoration of function and provided the physiological stimulus for the osteoinductive and remodelling influence of the graft on surrounding tissues. We suggest that if surgical treatment is contemplated for fibrous dysplasia of the upper limb, vascularised bone grafts provide a reliable option for bony continuity, preventing recurrence and allowing satisfactory restoration of the function of the limb within a short period of time.
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